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(oiroduciloo: 

Ai  leaii  46,000  women  die  meustaiic  breast  cancer  each  year  in  the  United 
Siatee'*.  Median  ^uivtva]  remains  12-18  months  from  ihedia^osis  of  metastatic 
disease,  and  progression-ftee  survival  beyond  S  years  is  rare  (<10%)^  This  has  led  to  the 
testing  of  intensive  chemotherapy,  including  marrow  ablative  therapy  and  stem  cell 
rescue  (MAT/SCR).  Although  this  approach  produced  a  high  frequency  of  objective 
responses  in  patients  with  metastatic  breast  cancer,  with  up  to  40-30%  complete 
responses,  responses  tend  to  be  short-lived.  Only  a  minority  of  women  (10-20%) 
achieved  long-term  disease  free  survival.  Relapses  may  have  be  due  to  both  minimal 
tumor  contamination  of  stem  cells  remfused  into  patients,  as  welt  as  residual 
chemotherapy  resistant  tumor  cells  not  cleared  by  the  MAT/SCR  regimen.  (L-2  aciivaied 
lymphocytes,  termed  lymphokine-acitvated  killer  (LAK)  cells  have  signiHcant  cytoiovic 
activity  against  autologous  breast  cancer  cells  and  breast  cancer  cell  tines.  Our  own 
studies  have  demonstrated  that  muliidrug-resisiani  tumor  cells  remain  sensitive  to  LAK. 
cell  mediated  killing. 

We  performed  a  phase  I  trial  to  test  the  feasibility  of  administering  a  single  course  of 
tow-dose  I  L-2  ( 1 .6  million  lU'm^/day  as  a  continuous  i.v.  infusion)  as  consolidation 
treatment  lo  patients  with  metastatic  breast  cancer  early  after  MAT /SCR.  This  study 
established  that  lL-2  consolidation  could  be  safely  begun  starung  on  day  *14  post 
MAT' SCR  with  minima)  toxicity.  Substantia)  LAK  cell  induction  was  observed,  using 
flow  cytometric  and  cytotoxicity  assays.  Thus  far,  only  3  of  10  patients  have  had  breast 
cancer  relapse  or  progression,  and  a  small  second  breast  cancer  was  deiecied  in  1  paoeni 
Seven  patients  (60%)  remain  in  complete  remission  ai  a  median  of43S  days  (range  224  - 
720  days)  post  stem  cell  transplantation 

Patients  with  locoregtonal  breast  cancer  with  adverse  charactensiics,  such  as  tumor 
size  >  5cm  with  1-3  positive  lymph  nodes,  any  lumor  size  and  ^  lymph  nodes  involved, 
tumor  invading  through  lymph  node  capsule,  involvement  of  tniemal  mammary  lymph 
nodes,  chest  wall  or  skin  infiltration  and  inflammatory  charactensiics  also  have  a  poor 
prognosis.  For  example,  women  with  4-10  lymph  nodes  involved  have  an  approximately 
40%  10  year  disease-free  survival  (DPS),  while  women  with  >10  lymph  nodes  positive 
have  an  approximately  20%  1 0  year  DFS  ‘  ^  Patients  with  Stage  111  A  and  NIB  breast 
cancer  have  S  year  survivals  of  40-S0%‘  ^  Survival  with  inflammatory  breast  cancer 
with  aggressive  mulo -modality  therapy  is  estimated  to  be  S0%  at  5  years  and  3S%  at  10 
years'.  Methods  lo  improve  these  resulLs,  incorporating  novel  therapeutics,  are  of 
significant  importance  for  the  healthcare  of  these  patients. 

In  this  application  we  proposed  to  perform  cyioreduciion  in  patients  with  metastatic 
breast  cancer  using  doxorubicin/cyclophosphamide  plus  laxane  chemotherapy,  followed 
by  an  1 8  day  continuous  infusion  of  low-dose  IL-2  starting  on  day  ■*  14  to  activate 
lymphocytes  to  kill  residual  chemoiherapy-resistani  cancer  cells  (the  grant  objectives 
were  revised  in  2003).  Based  on  preliminary  data,  we  hypothesize  that  a  single  course  of 
IL-2  will  result  in  a  significant  improvement  in  disease- free  survival,  with  minimal 
toxicity.  Effectiveness  of  this  approach  may  correlate  with  the  effective  induction  of 
LAK  precursor  and  effector  cells,  as  well  as  evidence  for  reduction  in  the  burden  of 
minimal  residual  cancer  cells.  In  Specific  Aim  1  we  will  perform  a  prospective  Phase  II 
climcal  trial  to  test  whether  the  addition  of  1  cycle  of  continuous  i.v.  infusion  of  IL-2  m 
women  with  meiastaiic  breast  cancer,  starting  on  day  •-Id  after  treatment  with  AC*'T 
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ctKfnotherapy,  to  toxicity  and  to  estimaie  progression-free  and  overall  survival.  In 
Specific  Aim  2  we  will  evaluate  possible  immunologic  etrector  mechanisms  induced 
following  MAT/SCR  and  11^2  infusion.  Phenotypic  and  functional  assays  for  LAK.  cell 
induction  and  enzyme  immunoassays  for  circulating  pro-mflanunatory  cytokines  will  be 
performed 

Body: 

Iniiiaiion  of  our  initia)  clinical  trial  proposed  was  delayed  by  a  number  of 
unaniicipated  events.  First,  shortly  after  this  proposal  was  funded  in  1999,  a  series  of 
randomized  trials  was  reported  at  the  American  Soaety  of  Clinical  Oncology  meetings  in 
5/00  comparing  standard  dose  chemotherapy  and  marrow  ablative  therapy  and  stem  cell 
rescue  (MAT /SCR)  tor  treatment  of  advanced  breast  cancer.  The  conclusions  of  all  but 
one  of  these  trials  was  that  there  was  no  advantage  to  stem  cell  transplants  in  breast 
cancer  patients  over  standard  chemoiherapy^*'l  1-3).  The  second  event  was  that  the  one 
trial  showing  benefit  of  MAT/SCR  over  chemothenapy  (Bezwoda.  ei  al)  was  found  to 
contain  fraudulent  data".  In  combination,  these  findings  made  our  clinical  trial  including 
MAT/SCR  unacceptable.  Since  the  goal  of  MAT/SCR  in  our  trial  was  to  provide 
maxima)  cytoreduciion  prior  to  lL-2  based  immunotherapy,  this  goat  was  still  fell 
scientifically  reasonable,  given  our  impressive  phase  ( trial  results  In  order  to  further 
prove  the  validity  of  these  observations,  we  felt  that  a  change  from  a  randomized  trial  to  a 
single  arm  phase  11  study  (MAT/SCR  followed  by  an  1 1^  day  infusion  of  IL-2)  was 
warranted  This  change  was  discussed  with  the  USAMRMC  and  the  study  protocol  and 
consent  documents  were  rewritten.  A  third  point  holding  up  the  clinical  trials  was  due  to 
negotiations  between  the  University  of  Utah  lawyers  and  the  USAMRMC  concerning 
required  liability  clauses  in  the  consent  document  and  final  approval  by  the  University  of 
Utah  (RB.  After  many  months  of  negotiations,  a  finalized  consent  language  and  protocol 
was  agreed  upon.  A  final  draft  has  been  submitted  to  the  University  of  Utah  IRB  and  was 
approved  with  minor  revisions  Further  investigation  into  ftaudulent  data  published  by 
Bezwoda  was  presented  at  the  ASCO  meetings  in  S>‘01.  This  resulted  in  the  general 
abandonment  of  MAT/SCR  as  a  breast  cancer  treatment  modality  in  the  United  States. 

At  the  end  of  August  of  2001 , 1  was  notified  by  my  co-invesiigaior  Dr.  Peterson  that  we 
would  not  be  able  to  accrue  any  patients  to  a  MAT/SCR  regimen  based  trial,  since  patient 
referral  lo  the  University  of  Utah  BMT  program  had  virtually  stopped. 

We  therefore  re-evaluated  our  opuons.  Due  to  our  exciting  preliminary  results,  we 
still  strongly  believe  that  the  concept  of  IL-2  consolidation  in  high-nsk  breast  cancer 
should  be  teaied  after  maximal  cytoreduciKin.  Given  the  apparent  equivalence  of 
MAT'SCR  and  standard  chemotherapy  in  high  risk  breast  cancer  patients,  we  concluded 
that  an  alternative  method  to  test  our  hypothesis  is  to  enroll  high-risk  breast  cancer 
patients  who  are  treated  systematically  with  surgery,  followed  by  a  standard 
chemotherapy  regimen  (doxorubicin>'cyclophosphamide  follow^  by  pacliiaxel  or 
doceiaxel)‘°'‘',  followed  by  a  1 6  day  infusion  of  11^2  Patients  will  subsequently  receive 
irradiation  to  the  breast  and  regional  node  areas.  Patients  deemed  at  high  nsk  include' 
patients  with  >4  lymph  nodes  positive  (40%  5  year  survival  with  >4*  nodes.  <20%  5  year 
survival  with  >  10  nodes  involved),  inflammatory  breast  cancer  (<20%  5  year  survival) 
and  patients  with  resected  stage  IV  disease  (Stage  IV  NED,  <10-20%  5  year  survival)'*. 

Two  breast  cancer  medical  oncology  specialists  (Dr.  John  1 1  Ward  and  Dr.  Saundra 
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Buys),  from  the  Hunisman  Cancer  Insticute  were  added  as  co-mvesiigaiors  to  increase 
accrual  ((o  replace  Dr.  Petersen,  a  MAT/SCR.  specialist).  We  also  obiamed  a 
commitment  from  Chiron  to  provide  recombinant  (L-2  forth  is  trial.  The  protocol  finally 
opened  to  patient  accrual  ti/l  1/03  at  the  Huntsman  Cancer  Institute.  Fourteen  patients 
have  been  enrolled,  and  14  have  completed  planned  therapy.  Tlie  patient  characteristics 
are  shown  (Table  1).  All  had  regionally  advanced  breast  cancer  with  a  high  nsk  of 
relapse.  All  patients  were  treated  with  adjuvant  chemotherapy  consisting  of 
cyclophosphamide  and  doxorubicin  (AC)  followed  by  pacliiaxel  (T,  Taxol).  Most  were 
treated  in  a  dose-intense  fashion,  using  hematopoietic  growth  factor  support.  Median 
progression-ftee  survival  is  596  days  (range  136-1337),  and  median  overall  survival  is 
874  days  (range  136-1337  days)  from  onset  of  AC*T  chemotherapy  With  a  median 
follow-up  of  739  days,  only  two  patients  in  this  high-nsk  population  have  experienced  a 
breast  cancer  relapse  (this  appears  lower  than  expected).  One  patient  developed  a  non- 
Hodgkin's  lymphoma  as  a  second  malignancy.  Relationship  lo  treatment  is  uncertain. 
There  has  been  1  death  (due  to  breast  cancer).  Toxicity  to  date  has  been  minimal  (no 
Orade  ((I  or  fV  toxicity  was  noted  ](Table  2).  One  patient  had  a  brief  Interrupiion  in 
treatment  due  to  fever,  which  subsided  upon  discontinuation  of  lL-2  and  the  paoent  was 
able  to  complete  planned  treaiment.  Clinical  samples  were  submitted  to  the  laboratory  for 
testing  on  all  II  patients.  Our  results  indicate  marked  induction  of  circulating  LAK.  cells 
in  all  but  3  tested  patients,  comparing  pretreatmeni  and  immediately  post-ireauneni  with 
lL-2  (Figures  I A  and  B)  In  addition,  a  variable  pool  of  11^2  responsive  NK  precursor 
cells  (Figures  2 A  and  B)  was  seen  pretreatmeni.  Cytotoxicity  denved  from  this 
population  of  cells  was  markedly  increased  in  all  patients  following  IL-2  infusion.  There 
was  expected  vanabiiity  in  maximum  cytotoxicity  between  patients,  comparing  specific 
lysis  at  a  lOOil  eftecior  to  target  cell  ratio.  It  will  be  mterestmg  to  see  if  patients  with 
greatest  pretreatmeni  cytotoxicity  or  (L-2  induced  increase  in  cytotoxic  try  exhibit  long¬ 
term  progression-free  survival  upon  longer  follow-up. 

Due  to  low  accrual  of  this  relatively  infrequent  breast  cancer  patient  populauon,  this 
study  has  now  been  closed  These  preliminary  results  will  be  submitted  for  publication. 
Hopefully,  our  phase  II  results  will  encourage  a  larger  scale  study  to  validate  these 
findings.  The  Huntsman  Cancer  Institute  Clinical  Trials  Office  has  committed  to  provide 
the  resources  for  the  long-term  follow-up  patients  beyond  the  scope  of  the  current  grant 
funding. 

Key  research  accomplish  men  ts: 

We  treated  20  patients  with  MAT/SCR  in  our  phase  I  pilot  trial.  Patients  received  IL- 
2  either  starting  on  day  1  (10  patients)  or  day  14  (10  patients),  following  stem  cell 
infusion.  A  total  of  1 7  patients  were  evaluable  for  response  at  the  time  of  initial  analysis. 
A  total  of  17  patients  (85%)  completed  the  IL-2  course.  Three  patients  receiving  IL-2 
fiomday  1  required  IL-2  infusions  to  be  terminated  early  (2  fever,  1  thrombocytopenia). 
Relapse  free  survival  was  45%  with  580  day  median  follow-up  (135-1175  days),  wi  th 
75%  overall  survival 

LAK  cell  activation  was  evaluated  in  patients  undergoing  IL-2  infusions  starting  either 
day  1  (5  patients)  or  day  14  post  stem  cell  infusion  (5  paoents).  Cytotoxicity  against  the 
MCF-7  breast  cancer  line  was  detected  in  all  pauenis,  regardless  of  whether  the  IL-2 
infusion  was  started  day  1  or  14.  Increased  cytolytic  activity  was  detected  in  cyiocoxiciry 
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a.'ixays  perlonned  with  CM  addjiion  of  IL-2,  suggesting  a  subsianiial  increase  m 
circulating  LAK  cell  precursors  in  both  paiieni  populations.  Ptsenoiypic  evaluation 
established  that  while  CDSb-i-  cell  populations  were  expanded  in  both  paiieni  groups,  ihe 
absolute  number  of  circulating  CDSb**-  cells  was  10-fold  higher  in  patients  receiving  (L-2 
starting  on  day  14. 

In  the  current  phase  II  study,  14  patients  with  high-risk  regionally  advanced  breast 
cancer  were  treated  with  AC*T  chemotherapy,  followed  by  an  1  !^-day  low  dose 
continuous  infusion  of  IL-2.  This  appeared  to  result  in  a  low  relapse  rate  (2/14  patients) 
with  almost  2-year  follow  up.  Treatment  related  toxicity  has  been  nunimal  (none  >  grade 
2)  All  patients  demonstrated  activation  of  iymphokine  activated  killer  cells  following 
completion  of  the  11^2  infusion  Low  dose  IL-2  infusion  is  feasible  and  safe  after  AC*T 
chemotherapy  and  is  showing  a  promising  effect  on  breast  cancer  relapses.  This  regimen 
should  be  further  evaluated  in  high-nsk  breast  cancer  patients. 

Roporrahle  outcomes: 

Absu^t  presented  at  Era  of  Hope  Meeting  9/2S/02-9/28/02  (enclosed) 

Petersen  FB,  Sanilowsbl  WE.  Feasibility  of  low  dose  continuous  infusion  of  (L-2as  a 
consolidation  treatment  following  intensive  breast  cancer  chemotherapy.  Proceedings 
Era  of  Hope  DOD  Breast  Cancer  Research  Program  Mtg.  2002,  p  33-20 

Cooclusloos: 

The  proposed  use  of  11^2  following  maximal  cytoreductlon  of  tumor  by  standard 
chemotherapy  or  MAT/SCR  is  quite  promising  based  on  our  preliminary  data,  with  45% 
ofpaiienis  achieving  >2  year  disease  hee  survival  after  MAT/SCR  plus  IL-2  and  12  of  14 
patients  disease  free  of  breast  cancer  recurrence  on  the  current  trial  with  a  median  of 
almost  2  years  of  follow-up.  Longer-term  follow-up  will  be  needed  to  more  criucally 
assess  the  benefit  of  (L-2  infusion  following  breast  cancer  chemotherapy.  Preliminary 
data  shows  IL-2  related  toxicity  to  be  minimal  and  feasibility  of  immunologn: 
monitoring. 
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Figure  I:  Prelroiitiiieiit  uoil  post  (reulnieiil  LAKccU  cyloloiicK)* 
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cKroiniu  A  release  asasy  as  prevnusly  dnertt^d  i  Sanlouski  WE,  PeurMii  R.  Ciizzoma  S,  et  al  A 
Mfipeptuiyl  nmicoru^crcatde  dasnuiasc,  M40a03.  tnhilnu  dose*  limiung  hypoiefuion  associated 
iiunleiikii)-2  aoJ  ificrrascs  da  aourunior  efTccls  IVuiMed.  9:750-725, 20UJ  )  Briefly,  MCF-7  cellsia  NK- 
nrsiSlBOt  brcaacaMGT  cell  lute)  si'ere  uKubaieJ  i*ilb  lUO  )jCi  '‘Crper  10*  cells  lbr60  qua  Follwiiis 
ccwesfvewaslies  in  complete  RPMt  (nediiim,  a  comiant  eucrter  of  labeled  larifct  cells  (lO'  cdlaAvdII 
i*cre  added  to  serial  djlmons  oflympbocyies  (obtauted  by  Ficoll-HyfA^ue  dosicy  separation  isaa/iuigBi  a 
)  00'  J  rfiector  lo  uigei  call  raoo)  la  a  steroOter  plaie,  Ibr  41l  Specific  cyiotoaicily  was  calculated  Iram  ^ 
avgrege  uf  ffipLicaie  seelle  by  Use  fomula. 

Specifk  cylotOKJCity  -  exoanosenial  corn  -  aeoniajicous  rdeasccBfo  t  100 
loa&l  release  cpiD  •  apocUACoua  rdeaae  cpCB 
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ngure  2:  Iktcclioo  of  LAK  precursor  aeUviTy  foUowiDg  (L*2  addliloo 
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